Introduction
Self-care is an essential component of chronic heart failure (HF) management, necessary for improvement of the patient's well-being, quality of life, and prognosis. 1 Self-care is a process of maintaining health through health-promoting practices and by managing illness, eg, by exercising, weight monitoring, taking medication, and seeking a health care provider when symptoms are deteriorating. 1 A growing body of evidence supports the association between self-care and clinical outcomes such as event-free survival and reduced number of hospital admissions. 2, 3 Recently, a published metaanalysis of 20 randomized controlled trials (RCTs) confirmed that improvement of patients' HF self-care was related to decreased mortality and hospitalization rates. 4, 5 However, it is known that self-care is suboptimal in HF patients worldwide and cannot always be easily improved. 6 While trying to design more effective interventions to improve HF management, it is important to know which factors determine self-care. A systematic review 7 including 30 studies described several patient-dependent factors, some of them being consistently (depression) or inconsistently (age, gender, education, and left ventricular ejection fraction [LVEF] ) associated with HF self-care behavior. No relationship was found between New York Heart Association (NYHA) class, health-related quality of life (HR-QoL), and HF self-care in that review. 7 Other factors, reported in the literature as negatively affecting self-care in HF patients, are cognitive impairment, diabetes mellitus, and anxiety. [8] [9] [10] [11] [12] [13] Several interventions have been tested to improve selfcare in HF patients, such as goal setting, using diaries, educational programs, or social support. 4 A new way to improve outcomes in chronic diseases is the use of homebased TM, which allows the direct transmission of patientrelated data from home to health care professionals. Several RCTs demonstrate a positive impact of noninvasive daily TM on outcomes such as the number of days lost to hospitalization, HF-related hospitalizations, all-cause mortality, HF knowledge, and self-care. [14] [15] [16] [17] However, the number of RCTs reporting changes of self-care while using TM is limited, and some studies found no improvement in this PRO comparing TM and standard management groups. 17, 18 The data for the present study were collected during a larger multicenter RCT, the INnovative ICT-guided-DMS combined with Telemonitoring in OUtpatient clinics for Chronic HF patients (IN TOUCH) study, investigating TM, in addition to the information-and-communication-technology (ICT)-guided disease management system (ICT-guided DMS). 19 
Aims of the study
The study had the following aims: 1. to assess whether TM plus ICT-guided DMS has an effect on self-care; 2. to evaluate the general dynamics of HF self-care in the IN TOUCH study population; 3. to describe the factors contributing to the deterioration or improvement of self-care; and 4. to identify which patient characteristics are associated with the highest potential to change self-care behavior.
Methods

Trial design
The methods and design of the IN TOUCH study were reported elsewhere, 19, 20 but are shortly described here. Briefly, IN TOUCH was a multicenter RCT conducted in ten Dutch hospitals. This study consisted of two intervention groups: ICT-guided DMS with and without TM. The primary end point (a composite weighted score consisting of a value each for mortality, HF readmission, and change in quality of life measured with the Minnesota Living with HF Questionnaire [MLHFQ] ) and most secondary end points (the total number and duration of all hospital admissions, as well as cost analyses) did not significantly differ between the two study groups. The only documented effect of TM was a reduction in visits to the HF outpatient clinic ( p,0.02).
19
Patients were randomized within 2 weeks after discharge or at their first outpatient clinic visit due to HF deterioration and were followed for 9 months.
The medical ethical committee of the Medical University of Groningen approved the protocol of the IN TOUCH study 
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Data collection clinical data
NYHA class determination, physical examination, electrocardiogram (ECG) recordings, and laboratory tests were completed at baseline, 2 weeks, and 9 months, while echocardiography was conducted only at baseline. Patient-reported outcomes (PROs), including self-care, depression and anxiety symptoms, and HR-QoL, were evaluated at baseline and at the end of the study.
self-care
The European Heart Failure Self-care Behaviour scale (EHFScBs) 21 is a questionnaire of nine items about a patient's actions related to HF self-care (nonpharmacological and pharmacological treatment adherence, observation of HF symptoms and signs, and measures that the patient takes when his/her condition starts to deteriorate). Each answer is graded from one (totally agree) to five (totally disagree), with higher scores reflecting poorer self-care. The changes in the EHFScBs scores were compared between the groups and in the whole study population during the study. Self-care was considered to worsen or improve if the total EHFScBs score increased or decreased by at least one point, respectively, and not to change if the difference in scores was equal to zero.
Anxiety and depression
The HADs consists of 14 questions, and each has four choices rated from zero (not present) to three (maximum) points. Seven questions evaluate depressive symptoms -depression subscale (HADs_D), and the other seven reveal anxiety symptoms -anxiety subscale (HADs_A). Scores range from 0 to 21 in each of the two (depression and anxiety) parts and demonstrate the severity of depression or anxiety. Scores from zero to seven are interpreted as the absence of anxiety or normal mood; from eight to ten -as mild; from 11 to 14 -as moderate; and from 15 to 21 -as severe anxiety or depression. 22, 23 hr-Qol assessment
The MLHFQ 24, 25 is a 21-item disease-specific HR-QoL instrument, with scores for each item asking how much the HF prevented from living as wanted during the previous month. The response options range from "no" (score: 0), "very little" (score: 1) to "very much" (score: 5). The total score ranges between zero and 105, the physical dimension (subscale) between 0 and 40, and the emotional dimension (subscale) between zero and 25. Higher scores represent worse HR-QoL.
Patient population
The inclusion criteria were as follows: admission to the intensive care/coronary care unit or cardiology ward or visiting the outpatient HF clinic and in need of treatment or adjustment with oral or intravenous diuretics, aged 18 years or older, evidence of structural underlying heart disease, documented reduced LVEF #45%. Exclusion criteria were myocardial infarction in the past month, cardiac invasive intervention in the past 6 months or planned in the next 3 months, hemodialysis, use of other TM systems, and inability or unwillingness to give informed consent. 19 Overall, 177 patients were enrolled in the study from December 2009 to January 2012; 83 patients were randomized to the ICT-guided-DMS group and 94 patients to TM+ICT-guided-DMS group. The current analysis included 118 participants who filled the PRO questionnaires mentioned earlier.
study interventions
Patients in the ICT-guided-DMS group were evaluated and educated at the HF clinic by a HF nurse according to existing European Society of Cardiology (ESC) guidelines. 26 Medical history, physical examination results, nursing assessment, laboratory test results, and questionnaire information were loaded into the ICT-guided-DMS and used to give some advice on medication uptitration to the health care providers during the clinic visit.
The TM+ICT-guided-DMS group had additional devices at home to measure body weight and blood pressure, as well as to record an ECG twice a week when increasing the betablocker dose. The measurements obtained from additional devices were directly transmitted into the DM system; in case the measured values were out of range, an interactive monitor generated the questions regarding the patient's condition and advice about the nonpharmacological treatment. Then, the HF nurse automatically received notification by mobile phone and e-mail and, within 2 hours, discussed the symptoms and treatment with the patient. Furthermore, the patients in the TM group could visit the clinic or hospital only if there was a definite need for intervention.
statistical analysis
First, within-group and between-group comparisons were made using Mann-Whitney and chi-square test for baseline characteristics and PROs; paired Student's t-test and Wilcoxon signed-rank test were used to evaluate changes in self-care over time in the total group and in both study groups separately. To assess HF severity, an additional analysis was performed to compare the levels of NT-pro-BNP between the 118 patients included in the present study on the one hand and the whole IN TOUCH population on the other: the data were divided into deciles; using the chi-square criterion (goodness of fit), we verified the distribution of the analyzed sample according to previously received intervals.
Second, a logistic regression analysis was performed to determine the association of the study covariates with improvement, no change, or worsening in self-care. The independent variables included the intervention group, age, gender, the MLHFQ score, the NYHA functional class, the level of N-terminal pro-brain natriuretic peptide (NT-pro-BNP), LVEF, and the HADs_D and HADs_A scores. Variables that were significant in the univariate analysis were included into the multivariate stepwise logistic regression.
Third, to identify subgroups with the greatest potential to improve self-care, conditional inference trees were constructed. This is a nonparametric method that is selfexplanatory and easily interpretable by nonprofessional users in classification tasks. 27 In this case, a regression tree -with a continuous target variable of change in self-care and with input variables similar as in the logistic regression analysiswas used. Finally, based on the regression tree distribution, the impact of depression factor was separately investigated by univariate regression analysis in three groups with different initial self-care levels.
The Statistical Package for Social Sciences (SPSS), version 20 (released 2011, IBM Corp, Armonk, NY, USA) and R package "party" were used for statistical analysis. Moreover, p-values ,0.05 were considered significant.
Results
The current analysis included 118 participants who completed PROs; of these, 60 and 58 patients were randomized into the ICT-guided-DMS and the TM+ICT-guided-DMS groups, respectively. Compared to the 177 patients in the original study, the 118 patients were of similar age with less males in the TM group (64% vs 70%, respectively); the NT-pro-BNP level was not significantly different from that of patients in the whole study ( p=0.749).
Patient characteristics
The mean age of the patients was 69±11.5 years, 70% were male, 81% were classified as NYHA class III/IV, and mean LVEF was 27%±9.9%. The baseline patient characteristics are presented in Table 1 .
The impact of TM on self-care
The baseline level of self-care assessed by the total score of EHFScBs was significantly lower (meaning better self-care) in the ICT-guided-DMS group (n=60, 19.2±7.7), compared to the TM+ICT-guided-DMS group (n=58, 16.3±7.5, p=0.023). In the course of the study, self-care behavior significantly improved in the ICT-guided-DMS group (from 19.2±7.7 to 16.8±6.9, p,0.01) but not in the TM+ICT-guided-DMS group (from 16.3±7.5 to 15.4±6.7, p=0.77) (Figure 1 ). At the end of the study, no statistically significant difference in the self-care behavior score between the groups was found.
Dynamics of self-care throughout the study
Pooling the data of all patients in the study, we found that the level of self-care behavior remained stable in only 12% of study patients, whereas it improved in 49% and worsened in 39% of all study participants. Due to the good initial selfcare (15.57±7.8) undertaken by those with an unchanged EHFScBs score, these patients were combined with the subgroup of patients with improved self-care for further analysis. The distribution of changes in self-care between 
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The dynamics of self-care: data from the in TOUch study the two study groups ( p=0.210 between the groups) and in the whole study group is presented in Figure 2 . The characteristics of patients who showed the most improvement in hF self-care during the study Regression tree analysis showed that the greatest self-care improvement was observed in patients who had the lowest initial level of self-care, identified as an EHFScBs score .28. Another group with substantial self-care improvement was characterized by medium EHFScBs score (from 17 to 28) and concomitant HADs_D ,8. Patients did not improve self-care in case of good initial self-care behavior (EHFScBs score #17) and self-care even worsened if it was combined with LVEF #28% (Figure 4) . Neither TM nor NT-pro-BNP was disclosed as an important factor exerting effect on selfcare dynamics.
Factors contributing to the worsening or improvement of self-care
Depression (HADs_D .8) was additionally investigated in separate groups with different initial levels of self-care behavior. Depression was significantly related to HF selfcare deterioration not in the whole study group but in the subgroup with a medium range of EHFScBs scores (from 17 to 28), increasing the chances of self-care worsening by 10.22 times (95% CI 1.81-57.69) ( Table 3 ).
Discussion
Self-care is an important PRO for HF patients, which might be affected by disease management and/or TM. 28 The present analysis of IN TOUCH data adds new findings and a new perspective to the investigations of self-care dynamics. The obtained results may stimulate novel design of interventions to improve self-care in HF patients. We found that self-care was not steady over time but remarkably changed, not always in the expected direction. We found that a high self-care score at one time point does not guarantee the same high self-care at a later point in time, implicating that an attention to self-care in patient counseling during different phases of the HF disease trajectory is relevant. Furthermore, a poorer physical aspect of quality of life, worse ventricular function, and less severe symptoms (assessed as NYHA II vs NYHA III) were linked to decline in self-care during the study. The data confirm the significant relationship between self-care and functional status, presence of depression, and left ventricular function, the latter as a marker of disease severity. 7 In TM programs, the effect on PROs, such as HF selfcare, is less commonly reported than are outcomes such as mortality, morbidity, and quality of life. 17, 29 Controversial results have been published until now regarding the potential of TM to improve self-care. 17, 18, 29, 30 Seto et al 31 suggested that a TM system could improve HF patients' self-care by increasing the patients' awareness and knowledge regarding their HF condition, reducing anxiety, empowering, and motivating. 
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An improvement in self-care was demonstrated in five studies in a review by Radhakrishnon and Jacelon, 32 but in five other studies, no difference in self-care between the intervention and control groups was observed. Similarly, a recent Cochrane systematic review 17 demonstrated an improvement in self-care behavior scores and adherence to medications in six trials of structured telephone support and TM, in parallel with two neutral studies. Both reviews, however, mention the use of diverse evaluation tools and quality in the studies. Therefore, the questions remain whether TM indeed improves self-care, helps patients to understand the disease better, and stimulates the progress in self-care abilities. One even might speculate that automated procedures using TM, combined with the perception of sharing of personal data, and external supervision can negatively influence self-responsibility and the patient's own mobilization in self-management.
The absence of a positive impact of TM on self-care in the IN TOUCH study could be explained by several reasons. First, the study comprised two intervention groups without a control group, with the consequence that all study patients regardless of group allocation received enhanced supervision of health care providers assisted by an ICT-guided DMS. This care program, implemented for both groups, maybe a potent management tool itself, leaving little room for the additional effect of automatic transmission of weight, blood pressure, and ECG data. Second, despite the use of a computer-generated randomization scheme, baseline self-care was significantly different between the two groups, with the TM+ICT-guided-DMS group patients reporting better self-care skills during randomization. Over the course of the study, the TM+ICT-guided-DMS group did not improve, whereas self-care behavior in the ICT-guided-DMS group improved significantly. In contrast to the majority of the published data, the changes in the dynamics of self-care in the IN TOUCH study population were significantly related to two subjective parameters of functional status: NYHA class and the physical subscale of MLHFQ. 7, 33 A poorer baseline self-reported physical condition was associated with worsening of self-care during the study. However, in contrast, we found that a better baseline functional status (NYHA II) was associated with more chances of worsening of self-care. A possible explanation for this counterintuitive finding might be that subjects in a better functional condition (NYHA II vs NYHA III) feel smaller disease burden and might be less motivated in coping with the chronic illness. This was previously described by Nieuwenhuis et al, 34 who found that patients in NYHA II more often had low long-term compliance compared to those in NYHA class III or IV. The authors explained this finding by a lack of motivation to adhere to the recommendations in case of modest symptoms associated with HF. 34 In parallel with previous findings, 8 better results in improvement of self-care were achieved if patients did not suffer from depression. Depression and anxiety are common among HF patients and are related to a poorer quality of life, self-care, 35 adverse prognosis, 36, 37 and inadequate efficiency of educational programs. 1 Chang et al 38 proposed that depressive symptoms had a negative influence on HF self-care by reducing self-care confidence. A number of TM trials also showed that interventions were more effective in the absence of depression. 39, 40 One of the most important determinants of change in self-care behavior was its initial level. Our results, derived using regression tree, may be useful in the patients' selection for interventions aiming to improve self-care. This innovative analysis automatically generated a patient profile, described by specific characteristics and thresholds, which may be likely to benefit from DMSs. Educative measures may be most effective in HF patients with low baseline self-care score and absence of depression. The scores of the European Heart Failure Self-care Behaviour scale and the Hospital Anxiety and Depression scale could be used as the selection criteria when choosing the HF patients most responsive to interventions. However, at the same time, we found that self-care is not stable in all patients, and it should be acknowledged that attention to self-care is necessary in all cases.
limitations
The current analysis included only those IN TOUCH study patients who completed the self-care questionnaire at baseline and at the end of study. Some patients did not fill in the questionnaires probably because they were too sick at the moment of inclusion or at the end of the study, and some had passed away. However, according to the biomarker levels, there was no significant difference in the severity of the disease between the analyzed subgroup and the total study population. Although this study was not specifically designed to investigate self-care dynamics, this is one of the few papers that describes changes in self-care over time, and these data add qualitatively to the understanding that selfcare is more complex than clinicians sometimes believe. Self-care is not always performed as a result of reflection and rational decision-making, 1 and this paper contributes to the indication of the need to regularly assess self-care as a significantly changing behavior.
Conclusion
Self-care demonstrated a dynamic pattern in the majority of study patients. TM did not have an impact on self-care in addition to the ICT-guided DMS. Poor physical aspect of quality of life, lower ejection fraction, and lower NYHA class were factors associated with worsening of self-care. The greatest improvement in self-care may be achieved in those patients who have low -or medium -initial self-care level, in the absence of depression.
Data availability
The data sets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
